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POWER MODULE AND METHOD FOR PRODUCING THE SAME 


CLAIM FOR PRIORITY 
[00011 The present invention claims priority to Japanese Patent Application JP-A- 

2003-036469 filed February 14, 2003. 

BACKGROUND OF THE I NVENTION 

1. ' Field of Invention 

[00021 This invention relates to a power module in which a power circuit section 
including a bus bar and a semiconductor device is disposed through an insulation layer on a 
heat radiation member. This invention also relates to a method for producing the power 
module, and more particularly relates to a power module that can be used as, for example, a 
power distributor for a vehicle for distributing an electrical power to a plurality of electronic 
units from a common power source on a vehicle, and to a method for producing the power 
module. 

2. Description of Related Art 

[00031 Heretofore, as means for distributing a power to each electronic unit from a 
common power source on a vehicle, a junction box has been known which constitutes a 
power circuit section in which a plurality of bus bar boards are laminated, and a fuse and a 
relay switch are incorporated on the boards. 

[00041 Such junction box contains the power circuit section described above in a 
casing having a lower casing member and an upper casing member, hi view of prevention of 
a short circuit, the upper and lower casing members are coupled to each other in a 
waterproofing manner, thereby waterproofing an interior of the casing. 

[00051 Recently, in order to perform a downsizing of a junction box that distributes 
an electrical power to each electronic unit from a common power source on a vehicle and a 
high speed switching control, a power module has been developed in which a semiconductor 
switching device, such as an FET (field-effect transistor), is disposed between an input 
terminal and an output terminal. In the power module, a power circuit section is arranged on 
a circuit arrangement surface of a heat radiation member in order to remove a heat generated 
from the semiconductor. For example, see Japanese Patent Public Disclosure No. HEX 1 1- 
204700. 

[00061 It is necessary to prevent a short circuit in even the power module disclosed 
in Japanese Patent PubUc Disclosure No. HEX 1 1-204700. just as in the case of a conventional 
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junction box. Accordingly, a power circuit section in the power module requires a waterproof 
function. However, a specific structure for a waterproof function has not been disclosed yet. 

[0007] Japanese Patent PubUc Disclosure No. HEI 11-204700 discloses that a 
semiconductor or the like in a central part of a circuit is transfer-molded or potted with a 
resin. However, even if this is a purpose for waterproof, an additional waterproof treatment 
must be done to prevent a short circuit between terminals projecting upwardly fi-om a 
periphery of a circuit. An efficiency of production will be lowered in association with 
increase of such fine steps. It is impossible to easily and surely waterproof the entire power 
module. 

[00081 In view of the above problems, an object of the present invention is to 
provide a power module in which a simple stracture can effectively waterproof an entire 
power module as well as a connector, and to provide a method for producing the power 
module. 

ST TMMARY OF THE INVENTION 
[00091 In order to solve the above problems, the embodiments of the present 
invention are directed to a power module, wherein a power circuit section including a 
plurality of bus bars is disposed through an insulation layer on a circuit arrangement surface 
of a heat radiation member. The power module includes an external connection terminal 
fonned by folding up an end of each of tiie bus bars firom the circuit arrangement surface, an 
enclosure wall member disposed on tiie heat radiation member to surround the power circuit 
section including the external connection terminal, a connector housing including an external 
connection connector, and a waterproof layer formed within the enclosure wall member so 

that at least a part of the power circuit section and the terminal through-hole are sealed. The, 
external connection connector includes a bottom portion provided with a terminal through- 
hole and a hood that surrounds tiie external connection terminal. The external connection 
terminal is inserted into and projects tiu-ough tiie terminal tiirough-hole toward tiie opposite 
side from tiie circuit arrangement surface. The external connection connector can be coupled 
to anotiier connector togetiier witii tiie external connection terminal. 

[0010] According to flie embodiments oftiie present invention, because tiie 
waterproof layer is formed within tiie enclosure wall member and tiie waterproof layer seals at 
least a part oftiie power circuit section, it is possible to effectively waterproof tiie power 
. circuit section. Furthermore, the waterproof layer also seals the terminal through-hole, 
Because tiie tenninal tiirough-hole in tiie connector housing is sealed by utilizing tiie .. 


waterproof layer that seals the power circuit section, it is possible to waterproof the external 
connection terminal including the terminal through-hole by a simple structure, and it is also 
possible to effectively waterproof a whole of the power module as well as the connector. 

[00111 In the embodiments of the power module, the waterproof layer is preferably 
formed by filling an inside of the enclosure wall member with a liquid waterproof resin, 
flowing a part of the waterproof resin through the terminal through-hole into the connector 
housing, andsolidifying the waterproof resin. According to this structure, it ispossible to 
seal at least a part of the power circuit section and the terminal through-hole merely by filling 
the inside of the enclosure wall member with the waterproof resin, thereby enhancing an 
efficiency of production. 

[00121 Although the connector housing may be separated away firom the enclosure 
wall member, the connector housing is preferably integrated with the enclosure wall member. 

[00131 hi the embodiments of the power module, the connector housing is provided 
in a bottom wall, except a connector contact surface on which a distal end of another 

connector contacts, with a resin reservoir recess depressed toward the heat radiation member. 
The terminal through-hole is fomed in the resin reservoir recess. A top surface of the 
waterproof layer is disposed within the xesin reservoir recess. According to this structure, 
because the top surface of the waterproof layer is disposed within the resin reservoir recess, it 
is possible to surely seal the terminal through-hole, thereby waterproofing the external 

connection terminal including the terminal through-hole. Furthermore, because the top 
surface of the waterproof layer is disposed within the resin reservoir recess depressed &om 
the connector contact surface, it is possible to dispose the waterproof layer at a fitting position 
by contacting a distal end surface of another connector with the connector contact surface 

without contacting the waterproof layer with another connector. Accordingly, in the case 
where the waterproof layer that projects into the connector housing so as to seal the terminal 
through-hole connects another connector, the waterproof layer will not interfere with .another 
element. For example, even if the waterproof layer is made of a resin having a certain 
viscosity, the waterproof layer will not stick to another connector, or will not form a fihn on a 
part of the external connection terminal to be inserted into another connector, thereby 

avoiding a contact failure. 

[00141 In addition, the number of the terminal through-hole provided in the resin 
reservoir recess is not limited. The resin reservoir recess may be provided every terminal 
through-hole: A plurality of terminal through-holes may be provided in the resin reservoir 


recess. 
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According to this structure, because the plural terminal through-holes are provided in 
the resin reservoir recess, the top surface of the waterproof layer for sealing the respective 
terminal through-holes will become uniform. It is possible to prevent water from entering 
into some terminal through-holes. 

[00151 A method for producing a power module in accordance with various 
embodiments of the present invention includes arranging on a circuit arrangement surface of a 
heat radiation member a power circuit section, attaching closely to the circuit arrangement 
surface an enclosure wall member that surrounds the power circuit section including the 
external connection terminal;, forming an external connection connector adapted to be 
pled to another connector through the external connection terming, and forming a 
terproof layer for sealing at least a part of the power circuit sectipi and for sealing the 
terminal through-hole. The waterproof layer can be fomied by filing a space enclosed by the 
enclosure wall member with a liquid waterproof resin, flowiijg the waterproof resin into the 
connector housing to a given level, and solidifying the waterproof resin. The power circuit 
section includes a plurality of bus bars and an external connection terminal formed by folding 
up an end of at least one of the bus bars. The external connection connector can be coupled 
to another connector through the external connection. terminal that is inserted into the 
terminal through-hole m a connector housing. The connector housing includes a bottom 
portion provided with the terminal through-hole into which the external connection terminal 
is inserted and a hood that surrounds the external connection terminal that projects through 
the terminal through-hole toward the opposite side from the circuit arrangement surface. 

[00161 According to the method for producing the power module of the present 
invention, because the waterproof layer is formed to seal at least a part of the power circuit 
section by filling the space enclosed by the enclosure wall member with the liquid wateiproof 
resm and solidifying it, it is possible to wateiproof the power circuit section. On the other 
hand, because a part of the waterproof resin flows through the terminal through-hole into the 
connector housing, and because the waterproof resin in the connector housing forms the 
wateiproof layer that seals the terminal through-hole, it is not necessary to add a step for 
waterproofing the connector housing. Thus, it is possible to effectively and easily waterproof 
a whole of the power module as well as a connector. A simple waterproof for . connector will 
enhance an efficiency of production. Because the waterproof resin in a liquid form is used, 
. the resin can flow into every comer in the enclosure wall member and comiector housing, 
thereby forming a complete waterproof layer. 


[00171 In.the method of the present invention, the enclosure wall member integrated 
with the connector housing is attached to the circuit arrangement sirface in the second and 
third steps (e.g., enclosure wall forming-step and connector forming-step). According to this 
construction, it is possible to produce the enclosure wall member and connector housing at 
the same time. Furthermore, because the enclosure wall member integrated with the 
connector housing is attached to the circuit arrangement surface, it is possible to carry out the 
enclosure wall forming-step and the connector forming-step simultaneously, thereby 

enhancing an efficiency of production. 

[0018] Preferably, the enclosure wall member has a seal member for a resin on an 
end surface opposed to the heat radiation member. The enclosure wall member is attached to 
the circuit arrangement surface in the second step so that the seal member for a resin contacts 
the circuit arrangement surface closely. According to this construction, even if there is a 
clearance between the enclosure wall member and the heat radiation member, the seal 
member for resin closes the clearance and the liquid waterproof resin can be prevented from 
flowing out from the clearance. Accordingly, it is. possible to surely form the waterproof 
layer within the enclosure wall member including the connector housing by filling them with 
a given amount of waterproof resin. - 

[0019] In the producing method of the embodiments of the present invention, 
preferably, the third step (connector forming-step) uses, as a connector housing forming the 
external connection connector, a connector housing provided in a bottom wall, except a 
connector contact surface on which a distal end of another connector contacts, with a resin 
reservoir recess that is depressed toward the heat radiation member and is provide with a 
terminal through-hole. Preferably, the fourth step (waterproof layer forming-step) fills the 
resin reservoir recess with the waterproof resin until a top surface of the waterproof layer 
reaches a given level in the resin reservoir recess. According to this construction, because the 
top surface of the waterproof layer is positioned in the resin reservoir recess, it is possible to 
surely seal the terminal through-hole and to waterproof the external connection terminal 
including the terminal through-hole. Furthermore, it is possible to precisely dispose the 

waterproof layer at the fitting position by contacting the distal end surface of another 
connector with the connector contact surface witiiout contacting the waterproof layer with 
another connector. 

[00201 A size and a depth ofthe resin reservoir recess are not limited. It is 
preferable to determine them in consideration of a height and the like ofthe power circuit 
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section. In particular, in the case where the power circuit section includes one or more 
electronic parts having a leg-like termmal. the third step (connector fonning-step) uses, as a 
connector housing forming the external connection connector, a connector housing in which a 
bottom surface of the resin reservoir recess is set to be higher than an upper end of the leg- 
like tenninal upon filling of the waterproof resin, preferably. According to this construction, 
it is possible to seal the power circuit section including the leg-like terminal of the eleetronic . 
parts when the terminal through-hole is sealed. A little amount of waterproof resin can 
effectively waterproof a whole of the power module. Furthermore, when the waterproof resin 
flows over into the resin reservoir recess, the power circuit section including the leg-like 
terminal of the electronic parts can be waterproofed. This indicates d reference of a filling 
amount of waterproof resin. I 

[00211 In the invention relating to a method for producing a power module, the third 
step uses preferably, as a connector housing forming the external connection connector, a 
connector housing in which an upper edge of the resin reservoir recess is set to be higher than 
an upper end of the electronic parts upon filling of the waterproof resin. According to this 
structure, it is possible to seal a whole of the electronic parts with the waterproof layer. 
Because the waterproof resin does not flow out firom the resin reservoir recess under eyen this 
condition, it is possible to surely waterproof a whole of the power module arid to ensure a , 
good connection between flie external connection connector and another connector. 

RRTEF DESCRTPTTON OF THF DRAWINGS 
[00221 The features of the present invention beHeved to be novel and the elements 
characteristic of the present invention are set forth with particularity in the appended claims. 
The figures are for illustration purposes only and are not drawn to scale. The invention itself, 
however, both as to organization and method of operation, may best be understood by 
reference to the detailed description which follows taken in conjunction with the 

accompanying drawings in which: 

[00231 Figure 1 is an exploded perspective view of an embodiment of a power 

module in accordance with the present invention; 

[00241 Figure 2 is an exploded perspective view of the power module taken fi-om a 
bottom side of Figure 1, illustrating an enclosure wall member, a seal member for a resin, and 

a heat radiation member; 

[00251 Figure 3 is a partially enlarged plan view ofthe enclosure wall member in 

the power module; 


[0026] Figure 4 is a cross section of the enclosure wall member taken along line IV- 
IV in Figure 3; and 

[0027] Figure 5 is a perspective view of an FET, illustrating the FET whose leg-like 
terminals are sealed with a waterproof resin. 

DETAILED DF.SCRTPTION OF EXEMPL ARY EMBODIMENTS 

[00281 In describing the preferred embodiment of the present invention, reference 
will be made herein to Figures 1 to 5 of the drawings in which like numerals refer to like 
feattjres of the invention. Features of the invention are not necessarily shown to scale in the 
drawings. 

(00291 Referring now to the drawings, embodiments of a power module and a 
method for producing the power module in accordance with the present invention will be 
described below. A power module that distributes an electrical power supplied froin a 
common power source on a vehicle or the like to a plurality of electrical loads is described 
here. However, the present invention is not limited to this power module but can be generally 
applied to a power module having a heat radiation member and required for waterproof 

[00301 Figure 1 is an exploded perspective view Of an embodiment of a power 
module in accordance with the present invention. The power module comprises a power 
circuit section 1 including a plurality of bus bars 10, a heat radiation member 2 on which the 
power circuit section 1 is arranged through an insulation layer 5, and a casing 3 for covering 
the power circuit section 1 . As shown in Figure 4, the casing 3 and heat radiation member 2 
are coupled to each other with a seal member 4 for a resin being disposed in the casing 3 to be 
clamped between them. Under this condition, a waterproof resin is filled in the coupled 
casing and heat radiation member to form a waterproof layer 6. 

[00311 As shown in Figure 1, the power circuit section 1 includes: a bus bar 
assembly plate 1 1 in which a plurality of bus bars 10 are arranged within a given polygon area 
(rectangle area in this embodiment), with ends of the bus bars 10 projecting from the same 
plane in a given pattern (right and left side edges in Figure 1); a plurality of FETs (field-effect 
transistors) or semiconductor switching devices 12 interposed between bus bars 10 for input 
and output termmals; and a control circuit board 13 mounted on one side (front side in Figure 
1) of the bus bar assembly plate 1 1 for controlling a switching operation of the. FETs 12. The 
respective FETs 12 are mounted on both bus bar assembly plate 1 1 and control circuit board 
13 to form an electrical connection. 
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[00321 Thus, because the power circuit section 1 directly interconnects the bus bar 
assembly plate 11 and the control circuit board 13 to each other and the respective FETs 12 
are electrically connected to them, it is possible to form the power circuit section 1 into a 
compact size, in particular, in a thickness direction. 

[0033] As shown in Figure 1, an end ofa given bus bar 10 in thebus bar assembly 

plate 1 1 is folded up into a given shape to form an external connection terminal 14. In the 
present embodiment, ends of the bus bars 10, which project from the right and left side edges 
of the substantially rectangular area on which the bus bars 10 are arranged, are folded up 
substantially in the vertical direction to form the external connection terminals 14. These 
external connection terminals 14 serve as. for example, input terminals to be connected to a 
common power source on a vehicle, output terminals to be connected to electronic units, or 
signal input terminals to which a control signal is applied to controjl a switching operation of 

the FETs 12. I 

[00341 As shown in Figures 1 and 5, the FETs 12 have a substantially rectangular 
parallelepiped configuration. Each FET 12 is provided on the side surfaces with a plurality of 
leg-like terminals 12a (two terminals on each side surface in this embodiment). These 
terminals 12a are electrically connected to the bus bar assembly plate 1 1 and control circuit 
board 13. hi more detail, a source terminal and a drain terminal of the FET 12 are connected 
to the bus bar 10 while a gate terminal of the FET 12 is connected to the control circuit board 
13. 

[00351 The control circuit board 13 includes, for example, a usual printed board. In 
this embodiment, a thin sheet-like board is used. Through-holes 15 are provided in given 
positions on the control circuit board 13 (see Figure 5). Each FET 12 is mounted through 
each through-hole 15 on the bus bar 10. 

[00361 Itispossibletochangeashapeofthebusbarassembly 11 andan 

arrangement pattern of the bus bars 10, if desired. It is also possible to use another electronic 
part having a leg-like terminal, such as a relay, an LSI (large-scale integrated circuit), a 
thyristor or the like in addition to or in lieu of the FET 12. Furthermore, it is possible to 
arrange the control circuit board 1 3 above the FET 12. 

[00371 The heat radiation member 2, as shown in Figures 1 and 2, is made ofa 
material having a good heat conductivity, such as an aluminum base metal or the like and is 
formed into a substantially rectangle in plan view. The heat radiation member 2 has a flat 
circuit arrangement surface 2a at a front side. A plurality of heat radiation fins 20 are 
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disposed on the right and left sides (in Figure 2) of a bottom surface of the heat radiation 
member 2 and extend dovmwardly. A circuit arrangement area is provided on the circuit 
arrangement surface 2a to support the power circuit section 1. The insulation layer 5 is 
disposed on the circuit arrangement surface 2a to extend over the circuit arrangement area. 

The insulation layer 5 is thermally connected to the heat radiation member 2. For example, 
the insulation layer 5 is formed by applying an adhesive having a high insulation property to 
the circuit arrangement surface 2a and drying it. Such an adhesive could be include an epoxy 
base resin, a silicone base adhesive or the like. Alternatively, an insulation sheet may be 
adhered to the circuit arrangement surface 2a. In the present invention, the insulation layer 5 
is fonned by applying an adhesive composing an epoxy base resin having high insulation and 
good heat conductivity to the circuit arrangement surface 2a. 

[00381 The heat radiation fins 20 may be omitted. Alternatively, heat radiation pins 
may be used in place of the heat radiation fins 20 to project firom a side opposite fi-om the 
circuit arrangement surface 2a. The heat radiation fins 20, the heat radiation pins, or the like 
may be provided on their surfaces with fine grooves to increase their surface areas, thereby 

enhancing an efficiency of heat radiation. 

[00391 The casing 3 is made of an insulation material. As shown in Figures 1 and 2, 
the casing 3 includes tube-like enclosure wall member 30 and a Ud 31 for closing an upper 
opening 32 in the enclosure wall member 30. 

[00401 The enclosure wall member 30, as shown in Figures 1, 2, and 4, includes a 
wall body 33 whose lower end surface extends along a peripheral edge of the circuit 
arrangement surface 2a, a skirt 34 that extends doAvnwardly fi-om a periphery of the wall body 
33 to cover a peripheral side surface of the heat radiation member 2, and a seal member 4 for 
a resin provided on the lower end surface of the wall body 33. The enclosure wall member 30 
can surrounds the power circuit section 1 or the circuit arrangement area of the heat radiation 
member 2. 

[00411 The wall body 33 has a configuration that surrounds the circuit arrangement 
area ofthe heat radiation member 2. As shown in Figure 4. the wall body 33 includes a first 
vertical wall portion 33a, a horizontal wall portion 33b extending inwardly firom an end edge 
of the-fu-st vertical wall portion 33a, and a second vertical wall portion 33c extending fiirther 
upwardly (in a direction opposite from the heat radiation member 2) fi«m an end ofthe 
horizontal wall portion 33b. The first vertical wall portion 33a is provided in a whole lower 
end surface with a seal member fitting-groove 35. The seal. member fitting-groove 35 
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sim-ounds the circuit an^gement area oftheckcuit arrangement surface 2a. The seal 
member 4 for a resin is fitted in the seal member fitting-groove 35. A cross sectional shape of 
the seal member fitting-groove 35 is not limited. In the present embodiment, the seal member 
fitting-groove 35 is fonned into a U-shape in cross section. - 
[00421 A height of the wall body 33 is greater than that of at least the leg-like 
terminal 12a of the FET 12 mounted on the power circuit section 1. Preferably, the height of 
the wall body 33 is greater than those of the respective electronic parts. The wall body 33 can 
surrounds the power circuit section 1 including the respective electronic parts (FETs 12 in 
this embodiment). In the present invention, the wall body 33 is higher than the FETs 12. 

[00431. The wall body 33 is provided so that the upper end opening 32 is opposed to 
the circuit arrangement area on the circuit arrangement surface 2a. , After the enclosure wall 
member 30 is attached to the heat radiation member 2, the power cfrcuit section 1 disposed on 
the heat radiation member 2 can be seen through the upper end opening 32. The upper end 
opening 32 is used when the waterproof resin is filled within the enclosure wall member 30. 
The upper end opening 32 serves as a window for an operation of pushing the power circuit 
section 1 onto the heat radiation member 2 when the power circuit section 1 is connected to 
the heat radiation member 2. 

[0044] In the embodiments of the present invention, the connector housing 36 is 
integrated with the wall body 33. The connector housing 36 includes a bottom portion having 
terminal through-holes 37 into which the external connection terminals 14 of the power 
circuit section 1 are inserted, and hoods 38 that surrounds a plurality of external connection 
terminals 14 projecting through the terminal through-holes 37 in a direction opposite from the 
circuit arrangement surface 2a. The comiector housing 36 together with the extemal 
connection terminal 14 include an extemal connection connector adapted to be connected to 
another connector. In this embodiment, the connector housing 36 is provided on a bottom 
with the horizontal wall portion 33b. 

[00451 In more detail, the terminal through-holes 37 are provided in the horizontal 
wall portion 33b at the opposite sidesof the upper end opening 32. The extemal connection 
terminal 14 of the power circuit section 1 is mserted through the terminal through-hole 37 
into the horizontal wall portion 33b. The horizontal wall portion 33b is provided on an upper 
surface with the plural hoods 38 extending toward a direction opposite from the heat radiation 
member 2 to surround the plural terminal through-holes 37. The hoods 38 and horizontal 
wall position 33b around the terminal through-holes 37 constitute the connector housing 36. 
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The connector housings 36 are arranged on the right and left sides of the upper end opening 
32 along the longitudinal direction of the wall body 33. One or more external connection 
terminals 14 project into the connector housing 36. The connector housing 36 and the one or 
more external connection terminals 14 constitute the external connection connector that can 
be connected to anothCT coimector. 

[00461 As shown in Figure 3, the terminal through-hole 37 is formed into a 
crisscross or a flat sh^e in cross section. After the external connection terminals 14 are 
inserted into the terminal through-holes 37, a waterproof resin described after can easily pass 
the tenninal through-holes 37 and can flow mto the connector housings 36 while keeping an 
alignment of the terminals 14. The shape of the termmal through-hole 37 is not limited. If 
the terminal through-hole 37 is fonned larger than a shape in cross section of the external 
connection terminal 14, the waterproof resin will easily flow into the connector housing 36. 
The aUgnment of the external connection terminals 14 can be obtained, if the teraiinal 

through-hole 37 partially overreaches the corresponding cross section of the external 
coimection terminal 14. 

[0047] On the other hand, as shown in Figures 3 and 4, the connector housing 36 is 
provided in a bottom wall, except a connector contact surface 36a on which a distal end of 
another connector contacts, with a resin reservoir recess 39 depressed below (toward the heat 
radiation member 2) the connector contact surface 36a. The terminal through-holes 37 are 
provided in the area in which the resin reservoir recess 39 is formed. As shown in Figures 3 
and 4, a resin insertion hole 40 is provided in the inside of the wall body 33 from the resin 
reservoir recess 39, in particular, the underside of the horizontal wall portion 33b in some 

connector housings 36. 

10048] The resin reservoir recess 39 reserves the waterproof resin through the 
terminal through-holes 37. A wateiproof layer 6 described after is formed in the resin 
reservoir recess 39 to prevent water from entering the terminal through-hole 37, thereby 
effectively preventing a short circuit of the power circuit section 1 . The wateiproof resin 
overflows through the terminal through-holes 37 into the resin reservoir recess 39. On the 

other hand, the resin insertion hole 40 serves to assist in and promote a flow of the waterproof 
resin from the terminal through-holes 37. The waterproof resin flows through the resin 
insertion hole 40 into the resin reservoir recess 39. 

[00491 A shape in plan view and a size of the resin reservoir recess 39 are not 
limited. However, it is preferable to space an outer peripheral edge of the resin reservoir 
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recess 39 away from the terminal through-holes 37 at a given distance in a plan view. The 
reason why the outer peripheral edge of the resin reservoir recess 39 is spaced away from the 
terminal through-holes 37 at a given distance in a plan view is to fill the waterproof resin 
around the terminal through-holes 37 sufficiently. 

[00501 As shown in Figure 3, a plurality of terminal through-holes 37 is provided in 
the resin reservoir recess 39. However, only one terminal through-hole 37 may be provided 
. in the resin reservoir recess 39. In the case where the plural terminal through-holes 37 are 
provided in the resin reservoir recess 39, as shown in Figure 3, all of the terminal through- 
holes 37 in the connector housing 30 may be provided in the resin reservoir recess 39 or some 
of the terminal through-holes 37 may be provided in the resin reservdir recess 39. Even if a . 
plurality of terminal through-holes 37 are provided in the resin resepvoir recess 39, a rib is 
provided between the terminal through-holes 37 and the resin reseijvoir recesses 39 adjacent 
the opposite sides of the rib may be communicated with eachjother. 

[00511 A height to a bottom of the resin reservoir recess 39 is set to be greater than 
a height of an upper edge of the leg-like terminal 12aoftheFET 12> upon filling the 
waterproof resin. That is, the.height to the bottom of the resin reservoir recess 39 with 
respect to the circuit arrangement surface 2a is set to be greater than the upper edge of the leg- 
like terminal 12a of the FET 12 with respect to the circuit arrangement surface 2a. 
Accordingly, when the waterproof resin overflows through the resin insertion hole 40 into the 
resin reservoir recess 39, the leg-like terminal 12a of the FET 12 is sealed within the wall 
body 33, as shown in Figure 5. hi the embodiments of the present invention, the height to the 
bottom of the resin reservoir recess 39 is set to be substantially equal to the height of the FET 
12. A height to the upper edge of the resin reservoir recess 39 is set to be greater than the 

height of the FET 12. 

[00521 In the case where the connector housing 36 is disposed vertically, a lower 
end of the connector housing 36 extends outwardly. A drainage hole 36c is provided in the 
horizontal wall portion 33b withm tfie outwardly extending portion 36b of the connector 

housing 36. The drainage hole 36c opens at the.outside of the resin seal member 4 and at the 
side of the heat radiation member 2. The drainage hole 36c serves to drain water reserved in 
the connector housing 36. The water drained from the dramage hole 36c flows through a 
drainage passage 50 defined between the heat radiation member 2 and the enclosure wall 
member 30 to the outside. 
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[00531 In the case where the power module is disposed vertically, the second 
vertical wall portion 33c is provided in a lower portion with a drainage notch 51 (Figure 1). 
The water drainage notch 51 is disposed at the same level as or above a surface of the 
waterproof layer 6. The horizontal wall portion 33b is provided on a rear side with a stop 
projection 52 for stopping the bus bars 10 constituting the external connection terminals 14. 

[00541 The skirt 34 is formed into a frame-like configuration surroundmg a 
periphery of the heat radiation member 2. A pair of opposed sidewalls of the skirt 34 are 
formed into projections and depressions corresponding to the heat radiation fins 20. The skirt 
34 is provided with latch pawls 53 for engaging portions coixesponding to the heat radiation 
member 2. The latch pawls 53 firmly couple the enclosure wall member 30 and the heat 
radiation member 2 to each other. 

[00551 The lid 3 1 is formed into a plate-like configuration corresponding to the 
upper end opening 32 ofthe enclosure wall member 30. The lid 3.1 is attached to the 
enclosure wall member 30 by engagement means (not shown). Although the lid 31 maybe 
omitted, if desired, it will be preferable to provide the lid 31 to avoid a exposure of an interior 
of the enclosure wall member 30 and to protect the power circuit section 1 from an external 
impact. 

[00561 The seal member 4 for a resin is formed into an annular configuration that 
surrounds the circuit arrangement area. The seal member 4 for a resin serves to prevent the 
waterproof resin from leaking out from the enclosure wall member 30 until a liquid 
waterproof resin described after is solidified. Accordingly, the seal member 4 is not required 
for durability for a long term and can be made of an inexpensive material. A material ofthe 
seal member 4 is not limited. However, it is preferable to select a material having elasticity 
(for example, a foam rubber having closed cells) to surely close a clearance between the wall 
body 33 and the heat radiation member 2. A material ofthe seal member 4 is not limited. A 
chloroprene rubber or the like will be preferable in view of cost efficiency, general versatility. 

workability, or the like. 

[00571 Because the waterproof layer 6 is explained in connection with a method for 
producing a power module described after, ah explanation ofthe waterproof layer 6 is omitted 
here. Next, a method for producing a power module will be explained below. . . 

[00581 A method for producing a power module includes steps of forming the 
power circuit section 1 and heat radiation member 2 (a power circuit section forming step and 
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a heat radiation member forming step) and steps of forming the enclosure wall member 30 
(e.g., an enclosure wall forming-step and a connector housing forming step). 

[00591 The seal member 4 for a resin is closely fitted in the seal member fitting- 
groove 35 in the enclosure wall member 30. The power circuit section 1 is attached to fee 
enclosure wall member 30 with the external connection terminals 14 being inserted into the 
terminal through-holes 37. It is possible to keep an alignment of the external connection 
terminals 14 by attaching the power.circuit section 1 to the enclosure wall member 30 
befofrehand. 

[00601 Next, the same adhesive as that of forming the insulation layer 5 is applied 
to the circuit arrangement area on the heat radiation member 2. The seal member 4 for a resin 
is closely contacted with the circuit arrangement surface 2a to surrqund the circuit 
arrangement area ofthe heat radiation member 2. The enclosure a^^I member 30. to which , 
the power circuit section 1 is attached, is attached to the heat Radiation member 2. Then, the 
power circuit section 1 is joined to the circuit arrangement area on the circuit arrangement 
surface 2a of the heat radiation member 2 by means of the adhesive! 

[00611 The latch pawls 53 of the skirt 34 engage the heat radiation member 2 to 
secure the enclosure wall member 30 to the heat radiation member 2. The enclosure wall 
member 30 maybe secured to the heat radiation member 2 by mechanical fastening means 
such as screws, bolts, or the like, chemical means such as an adhesive, or well known 
attaching means. In the case where the waterproof resin having an adhesive property is used, 
the enclosure wall member 30 may be attached to the heat radiation member 2 temporarily. 

[00621 hi order to attach the power circuit section 1 to the circuit arrangement area 
ofthe heat radiation member 2, the same adhesive as that of forming the insulation layer 5 
(e.g., an adhesive composing an epoxy base resin in the present embodiment) is applied to the 
circuit arrangement area. Another adhesive such as an adhesive having a high heat 
conductivity may be used. The adhesive must form the insulation layer 5 surely. Eyen if a 
pinhole is generated in the insulation layer 5 upon formmg it. the adhesive for adhering the 
power circuit section 1 to the heat radiation member 2 embeds the pinhole by an applying 
work ofthe adhesive and forms a part ofthe insulation layer 5. Consequently, the power 
circuit section 1 is completely insulated fi-om the heat radiation member .2, 

[00631 Then, a suitable portion of the power circuit section 1 , in particular, the 
peripheries ofthe power circuit section 1 and the FETs 12 are pressed through the upper end 
opening 32 in the enclosure wall member 30 to firmly secure the power circuit section 1 to 
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the circuit arrangement area on the heat radiation member 2. Thus, the bus bars 10 disposed 
on the rear side of the power circuit section 1 are embedded in the adhesive by pressing the 
power circuit section I to join the section 1 to the heat radiation member 2. Consequently, it 
is possible to prevent a short circuit between the bus bars 10 and to enhance heat conductivity 
between the power circuit section 1 and the heat radiation member 2. 

[00641 The power circuit section 1 is arranged on the circuit arrangement area on 
the circuit arrangement surface 2a of the heat radiation member 2 (e.g., a circuit arrangement 
step). The enclosure wall member 30 surrounds the circuit arrangement area on the circuit 
arrangement surface 2a of the heat radiation member 2 including the power circuit section 1 
to form an enclosure wall. This enclosure waU serves as a bank for the waterproof resin (an 
enclosure wall forming-step). After performing the enclosure wall forming-step and the 
circuit arrangement step, a given amount of liquid waterproof resin is filled into a space 
enclosed by the enclosure wall member 30 and is solidified to form the waterproof layer 6. . 

[00651 In more detail, the heat radiation member 2, to which the enclosure wall 
member 30 and power circuit section 1 are attached, is set so that the circuit arrangement 
surface 2a is faced upwardly. The liquid waterproof resin is filled through the upper end 
opening 32 of the enclosure wall member 30 into the space surrounded by the enclosure wall 
member 30. The waterproof resin is filled into the space until the respective electronic paits 
(FETs 12) are sealed. At this time, an amount of waterproof resin is set so that the waterproof 
resin overflows through the terminal through-holes 37 and resin insertion holes 40 into the 
connector housing 36 and reaches a given height in the resin reservoir recess 39. 

[0066] When the waterproof resin fills the resin reservoir recess 39, the bus bar 
assembly 11 including the base portions of the external connection terminals 14 and the 
control circuit board 13 are dipped in the waterproof resin. On the other hand, because the 
seal member 4 for a resin surrounds the circuit arramgement area, the liquid waterproof resin 
does not leak out fi-om a clearance between the heat radiation member 2 and the enclosure 

wall member 30. 

[00671 A kind of the waterproof resin is not limited to a special material so long as 
it has a waterproof property. In the present embodiment, the waterproof resin in a liquid form 
flows into every comer in the enclosure wall member 30, thereby obtaining a complete seal. 
If the waterproof resin is used which has certain elasticity and shape retainability after being 
solidified, it will not affect the FETs 12 and solders. A silicone base resin will be preferable 
in view of electrical insulation as well as heat resistance and cold resistance. The waterproof 
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resin having a good adhesive property can omit an applying work of a primer or the like and 
simplify a work. Furthermore, the waterproof resin having a good heat conductive property 
can promote heat radiation from the waterproof layer 6 as weU as the heat radiation member 
2, thereby enhancing heat radiation. 

[00681 Heating soUdifies the filled waterproof resin to form .the waterproof layer 6 

The waterproof layer 6 seals at least a part of the power circuit section 1 within the enclosure 
wall member 30 and seals the terminal through-holes 37. 

[0069] After the lid 3 1 and waterproof layer 6 are formed, the Ud 3 1 is attached to 
the enclosure wall member 30 so that the lid 31 covers the upper end opening 32 in the 
enclosure wall member 30. Because the attachment structure has beeb described above, an 
explanation of it will be omitted here. Thus, the power module call be produced. 

[00701 According to this power module, because the waterproof layer 6 is formed 
within the enclosure wall member 30 and the waterproof layef: 6 seals the bus bar assembly 11 
except the external connection terminals 14 of the power circuit section 1, the respective 
electronic parts such as the FETs 12 and the control circuit board 13. it is possible to 
effectively waterproof the power circuit section 1. Furthermore, the waterproof layer 6 seals 
the terminal through-holes 37. Because the terminal through-holes 37 in the connector 
housing 36 are sealed by utilizing the waterproof layer 6 that seals the power circuit section 1, 
a simple structure can seal the external connection terminals 14 including the terminal 
through-holes 37 and can also seal a whole of the power module as well as the connector. 

[00711 hi particular, according to the power module in the present invention, 
because the connector housing 36 is provided in a bottom portion with the resin reservoir 
recess 39 and the top surface of the waterproof layer 6 is disposed within the resin reservoir 
recess 39, it is possible to surely seal the terminal through-holes 37, and to waterproof the 
external connection terminals 14 including the terminal through-holes 37. Furthermore, 
because the top surface of the waterproof layer 6 is disposed within the resin reservoir recess 
39, it is possible to eliminate a failure upon connection of another connector. 

[00721 If the resin reservoir recess 39 is not provided in the connector housing 36, 
the waterproof layer 6 foimed in the connector housing 36 to seal the terminal through-holes 
37 projects from the bottom surface (the horizontal >yall portion 33b) of the connector 
housing 36. hi the case where another connector is connected to the connector housing 36 so 
that a distal end of another connector contacts with the bottom surface of the conhectdr . 
housing 36, the waterproof layer 6 will interfere with the distal end of another connector. In 
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the present embodiment, because the top surface of the waterproof layer 6 is disposed within 
the resin reservoir recess 39, the distal end of another connector contacts with the connector 
contact surface 36a to be positioned, thereby keeping the connection. 

[00731 If the waterproof resin is composed of a siUcone base resin that has a certain 
viscosity after being solidified as in the case of the present embodunent. it is possible to . avoid 
problems in which the waterproof resin forming the waterproof layer sticks to another 

connector, or any layer is generated on a part of the external connection terminal 14 to cause a 
contact failure. 

[00741 According to the method for producing the power module of the present 
mvention, because the waterproof layer 6 is formed to seal a part of the power circuit section 
1 by filling the liquid waterproof resin into the space enclosed by the enclosure wall member 
30 and solidifying the resin, it is possible to waterproof the power circuit section 1. Because 
a part of the waterproof resin fiows through the terminal through-holes 37 into the connector 
housing 36 and the waterproof layer 6 is formed in the connector housing 36 so that the 
waterproof resin seals the terminal through-holes 37, it is not necessary to add a step of 
waterproofing the connector and to effectively waterproof a whole of the power module as 
well as the connector. Furthermore, because the connector can be easily waterproofed, an 

efBciency of production can be enhanced. 

[00751 Because the height ofthe bottom surface ofthe resin reservoir recess 39 is 

set to be substantially equal to the height ofthe FET 12. it is possible to seal the power circuit 
section 1 including the FET 12 when the terminal through-holes 37 are sealed and to 
waterproof a whole of the power module by a small amount of waterproof resin. 

Furthermore, when the waterproof resin flows in the resin reservoir recess 39, the waterproof 
resin will seal the power circuit section 1 including the FETs 12, thereby making a reference 
for a filling amount of waterproof resin. Because the upper edge ofthe resin reservoir recess 
39 is set to be higher than the upper end ofthe FET 12, it is possible to seal a whole ofthe 
FET 12 by the waterproof layer 6. Under the condition, the waterproof resin will not 
overflow out ofthe resin reservoir recess 39. Accordingly, it is possible to keep the 
connection between the connector housing and another connector while waterproofing a 
whole of the power module. 

[00761 Although the power module-and the method for producing the same are 
described in the above embodiments, the present invention is not limited to the above 
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embodiments. A various kinds of modifications can be done within the scope of the spirit of 
the invention without departing firom the spirit. 

[00771 The order ofthe respective steps is not limited to the above embodiments in 

which the circuit arrangement step and the enclosure wall forming-step are performed 
simultaneously. For example, the enclosure wall forming-step may follow the circuit 
arrangement step. However, if the enclosure wall forming-step is performed simultaneously 
with the circuit arrangement step, it will be easier to positioti the power circuit section 1. 
thereby enhancing an efiBcioicy of production. 

[00781 In the above embodiment, the connector housing is integrated with the 

enclosure wall member 30 and the connector forming-step and the enclosure wall forming- 
step are performed simultaneously. However, the connector housiiig 36 may be produced 
independent ofthe enclosure wall member 30 or may be mtegrated' with the lid 31. It is 
necessary to dispose a bottom portion ofthe connector housiig 36 below an upper edge ofthe 
enclosure wall member 30. A shape ofthe power module is not limited to the shape disclosed 
in the above embodiment but it may be any shape. 

[00791 In the above embodiment, the waterproof resin is selected from a 
thermoplastic resin and the waterproof layer 6 is formed when the waterproof resin is 
solidified. However, a method offorming the waterprooflayer 6 is not limited to this 
mamier. Solidifying the waterproof resin naturally while leaving the waterproof resin for a 
long period in time may form the waterproof layer 6. 

[00801 The entire disclosure of Japanese Patent Application No: 2003-036469 filed 
on February 14, 2003 including the specification, claims, drawings and summary is • 
incorporated herein by reference in its entirety. 

[00811 While the present invention has been particularly described, in conjunction 
with a specific preferred embodiment, it is evidentthat many alternatives, modifications, and 
variations will be apparent to those skilled in the art in light ofthe foregoing description. It is 
therefore contemplated that the appended claims will embrace any such alternatives, 
modifications, and variations as falling within the true scope and spirit of the present 
invention. 


